Abstract -The objective was to compare in the ewe the effects of easy and difficult procedures for artificial insemination (AI) (as related to rapid or poor accessibility of the cervix, respectively) on plasma cortisol (CORT) and oxytocin (OT), and uterine motility. All AI were simulated using a catheter empty of semen to study genital and environmental stimuli only. In experiment 1, 40 ewes were sampled after AI, and whether it was an easy or difficult procedure was reported for each animal. While CORT concentrations rose to a similar amount in all ewes, whatever the AI procedure, a significant OT response occurred after a difficult procedure only (n = 18) (17.4 ± 1.7 versus 12.7 ± 0.7 pg . mL -1 before AI, p < 0.05). In experiment 2, uterine activity was monitored in 4 ewes using an implantable telemetric transmitter equipped with an intrauterine pressure catheter. An increased uterine activity occurred during 2 ± 1 min after an easy AI (n = 5), whereas the evoked activity lasted for 15 ± 4 min after a difficult AI (p < 0.001, n = 7). A similar long-lasting response occurred after OT administration (100 mIU, i.v.). We concluded that the increase in uterine motility after a difficult AI resulted from a reflex release of OT, and not to a "stress" effect.
INTRODUCTION
In mammals, it is well established that uterine contractions facilitate the transit of spermatozoa through the female genital tract [8, 18, 22] . However, excessive uterine motility or an abnormal propagation of contractions along the uterus may compromise correct sperm transport towards the oviducts, and reduce fertility in ewes [27, 47] as in women [22, 25] .
In the ewe, the structure of the cervical canal complicates transcervical or intrauterine artificial insemination (AI), and semen is usually deposited in the posterior cervical os (i.e. cervical AI) [4, 16] . However, reduced fertility is commonly observed using this procedure when compared with mating or the laparoscopic intrauterine deposition of semen [4] . It has been reported that an increase in uterine activity occurs in response to mechanical stimulation of the vagina during the periovulatory period [34] , or following estrogen pretreatment [21] , since it is well known that ovarian steroid levels modulate genital sensory nerve reflex pathways [37] . In the estrus ewe, this supports the idea that a change in the motor pattern may occur when the speculum is inserted and opened into the vagina, and may account for low fertility when this procedure is used for cervical AI. According to earlier studies, vaginal dilation at estrus is effective in evoking a reflex release of oxytocin (OT) from the pituitary gland [1, 35, 38] , which in turn stimulates uterine motility [12] . In the ewe, although Prud'homme and Rousseau [34] reported that a hypophysectomy abolished the uterine response to vaginal stimulation with a speculum, suggesting a reflex release of OT, no study has investigated OT secretion during routine procedures for cervical AI in this species.
On the contrary, an impairment of sperm transport has also been reported in manipulated ewes [31, 46] , which was attributed to a stress effect during handling for AI [17] . Using electromyography, Van der Weyden [49] reported that environmental disturbances during estrus (such as the presence of an observer in the stable) induced an increase in uterine activity. Since plasma cortisol (CORT) levels remain unchanged after mating in the ewe, and that uterine motility was not stimulated, or very briefly (less than 1 min) [12] , it is suggested that the absence of normal mating stimuli, together with stress during the AI procedure, may affect uterine motility for a long period.
During cervical AI in ewes, easy conditions for insemination require rapid localization of the cervical entrance, site of semen deposition, the limitation of vaginal stimulation with the speculum, and minimum additional stress [4] . However, factors such as difficulties in restraining the animal after insertion of the speculum, or poor accessibility of the cervical entrance lead to difficult conditions for AI, and may enhance stress as well as the intensity of vaginal stimulation. The aim of the present experiments was to compare the effects of easy and difficult procedures for cervical AI in ewes on (i) CORT and OT levels when AI was carried out during routine zootechnical procedures, and (ii) intrauterine pressure changes, used as an index for uterine motility. In order to study genital and environmental stimuli only, AI was simulated using a catheter empty of semen.
MATERIALS AND METHODS

Animals and treatments
Forty-four Prealpine ewes were obtained from the Institut National de la Recherche Agronomique (INRA, France) breeding colony. All animals were adults (aged 2 to 5 yr), 14 were primiparous and 30 multiparous (1 to 3 lambs) and weighed about 55 kg (range: 49 to 72 kg). They were housed under natural light conditions, and all animals were fed a standard diet for nonpregnant ewes, with water ad libitum. Estrus returned to its box. A series of blood samples were then taken at 5, 10, 15, 20, 30 min, 1 and 2 h after AI. The samples were placed on ice and then centrifuged for 15 min at 2000 ´g at 2-4 °C within 30 min of sampling. Plasma samples were stored at -80 °C until the hormone assays. The total duration of AI, from insertion to withdrawal of the speculum, was measured as the mean (s) ± SEM. During AI, the intensity of genital stimulation was scored in relation to: (1) "easy AI", when the operator reported easy localization of the cervix entrance before insemination, (2) "difficult AI", when the operator described difficulties in localizing the cervical entrance with the speculum before inserting the catheter.
Hormone assays
Plasma CORT concentrations were measured on duplicate samples using a radioimmunoassay (RIA), as described by ConteDevolx et al. [6] , after ethanol extraction. The antibody, a gift from Charles Oliver (Marseille, France), was raised in rabbits, and exhibited 6% cross-reactivity with corticosterone. Tritiated cortisol ([1,2,6,7-3 H]-cortisol, Amersham, England) was used as the tracer and dextran-coated charcoal as the adsorbant for the unbound fraction. The detection limit was of 0.1 ng . mL -1 . The intra-and inter-assay coefficients of variation were 7.3 and 12.3%, respectively. The results were expressed as mean plasma concentrations (ng . mL -1 ± SEM).
Plasma OT concentrations were determined using EIA, as previously described by Marnet et al. [30] . Because of the short half-life of OT (half-distribution: 2 to 4 min, and half-elimination: 20 to 25 min according to species [15, 19, 41] including ewes (P.-G. Marnet, unpublished data), plasma levels were measured in the samples collected during the 20 min period after AI. Briefly, OT was extracted from 500 mL of plasma using a C18 sep-pak extraction cartridge (millipore), eluted on methanol and vacuum-dried under centrifugation (speed vac, Sauvant). synchronization was obtained by intra-vaginal sponges containing 40 mg of a progestagen analog (Fluorogestone Acetate; Chrono. Gest, Intervet, France) for 14 days, followed by equine chorionic gonadotrophin (eCG) injection (400 IU, im). Under these conditions, estrus was obtained 36 to 48 h after sponge removal and the optimum time for a single insemination was 55 ± 1 h after eCG injection [4] . The handling of ewes for AI and surgical procedures for telemetry were performed in compliance with the recommendations of the Food and Agriculture Organization of the United Nations and French laws concerning the protection of animals.
Experiment 1
Artificial insemination and blood sampling
In a group of 40 ewes, animals were handled for cervical AI as for a standard procedure. Estrus synchronization was performed in groups of 10 ewes at 24 h intervals, so as to enable the insemination of all animals 55 ± 1 h after the injection of eCG [4] . The day before the experiment, the animals were housed in individual boxes near the site where AI would take place. All AI were performed with a standard cervical AI procedure in ewes [4] . All AI were carried out using an empty catheter, with the same operator, and two technicians securely held the animal by putting the hind legs over a rail. Blood samples were collected using sterile, evacuated Vacutainer heparinized tubes (Becton Dickinson, Meylan, France). The ewe was removed from the box, and a control blood sample was taken 1 min before handling for AI. The speculum (IMV, L'Aigle, France) was introduced 8 to 10 cm into the vagina, and was carefully opened (2 to 3 cm according to the individual) to localize the entry of the cervix. When AI was completed, the ewe was carefully placed on the ground and 383 EIA is a competitive immunoassay performed on the reconstituted sample in 100 mL of EIA buffer. Its specificity is the use of a monoclonal anti-fragment Fc of rabbit immunoglobin for attachment of the specific anti-OT on the wall of the microtiter plate, and competition with a tracer labeled with acetylcholine esterase. The EIA showed 0.3% cross-reactivity with arginine vasopressin, 0.15% with lysine vasopressin, and no cross-reaction (< 10 -5 %) with prostaglandin F2a. The detection limit was lower than 1.5 pg . mL -1 . The intra-and interassay coefficients of variation were 4.6 and 12.6%, respectively. The results were expressed as mean plasma concentrations (pg . mL -1 ± SEM).
Experiment 2
Surgical implantation of the telemetric transmitter
In 4 multiparous ewes, intra-uterine pressure (IUP) changes were monitored using an implantable telemetric transmitter equipped with a fluid-filled sensor catheter (type TL11M3-D70-CCP; Data Sciences International, St. Paul, Minnesota, USA). Surgery was carried out under general halothane anaesthesia (2.5% in 1.5 mL . min -1 of oxygen) after the prior i.v. injection of a mixture of pentobarbital (3 mg . kg -1 ) and thiopental (10 mg . kg -1 ). The uterus was exposed by mid-ventral laparotomy, and a trans-uterine puncture was made to insert the tip of the pressure-sensitive catheter (1.2 mm diameter) into the lumen of the uterine body. The catheter was then secured to the uterine wall with sutures. The body of the telemetric transmitter was fixed to the abdominal wall and the abdomen was closed in two layers. Standard post-operative care of the animals consisted of a daily treatment with Penicillin Sarbach (1 . 10 6 IU, im) (Solvay Pharma, Suresnes, France), for 5 days.
Telemetric recording of uterine activity
After a 10-day recovery period, estrus synchronization was performed as described above. One week before the injection of eCG, the ewes were brought to the recording room and placed unrestrained in individual boxes with free access to food and water. During this period, the animals were visited daily to allow them to become accustomed to the experimental environment. A telemetric receiver (type RMC-1, Data Sciences Int.) was placed above the animal, and connected by a radioanalogic signal adapter (type R11-CPA, Data Sciences Int.) and an amplifier to an ES 1000 Gould recorder (Gould France, Longjumeau). Telemetric signals were also recorded on a PC equipped with BioBench hardware and software (National Instruments, Austin, Texas, USA) and sampled one per second. Intra-uterine pressure changes were recorded daily (6 h per day) from 4 days before to 3 days after the eCG injection. The estrus period was verified when the average amplitude and frequency of uterine contractions were maximum, as described by Lehrer et al. [23, 24] . At the time of AI, IUP changes were monitored continuously, and the following procedures were applied. In 2 ewes (n = 5 experiments), the speculum was inserted into the vagina, and opened by pressure on the grips; the catheter empty of semen was then inserted on contact with the entry of the cervix (easy AI). In 2 other animals (n = 7 experiments), the same procedure was applied, but the operator searched for the cervical entrance by manipulating the speculum, so as to mime difficulties in localizing it (difficult AI). All ewes were submitted to only one AI procedure per sexual cycle, at 55 ± 1 h after eCG administration as in Experiment 1, on 3 successive sexual cycles. To check the effects of the two treatments in a same animal, IUP changes were recorded in one ewe following each of the easy and difficult AI procedures. 384 ing before insemination. Nine primiparous ewes were present in the "difficult AI" group (50%), while 3 occurred in the "easy AI" group (18%). The total duration (mean ± SEM) of the insemination procedure was significantly increased during difficult AI (43 ± 4 s) when compared with easy AI (25 ± 3 s) (p < 0.001).
Cortisol
After the removal of ewes from their boxes, individual plasma CORT levels before the experiment ranged from 5.0 to 39.1 ng . mL -1 . No difference was found in control mean concentrations between "easy AI" (14.5 ± 2.2 ng . mL -1 ) and "difficult AI" (15.6 ± 1.5 ng . mL -1 ) ewes. The ANOVA revealed a significant effect of the AI procedure (p < 0.01) and time after AI (p < 0.001) on CORT concentrations, but no interaction between the factors (p > 0.05). Plasma CORT levels were significantly higher (p < 0.001) than control values in all samples during the 30 min period after AI in both groups of animals ( Fig. 1) . During the same period, no significant difference in mean concentrations was observed between the "easy AI" and "difficult AI" groups ( Fig. 1). 
Oxytocin
Individual plasma OT levels before the experiment ranged from 3.6 to 27.1 pg . mL -1 . The mean control concentrations reached 11.5 ± 1.7 pg . mL -1 and 12.7 ± 0.7 pg . mL -1 in the "easy AI" and "difficult AI" groups of ewes, respectively (not significant). The ANOVA revealed a significant effect of the AI procedure on OT concentrations (p < 0.01). The mean OT concentration was significantly increased 5 min after a "difficult AI" procedure (17.4 ± 1.7 pg . mL -1 ; p < 0.05), and then returned to the baseline (Fig. 2) . In ewes belonging to the "easy AI" group, no significant difference in plasma OT levels was observed compared to the control value, whatever the time after AI (Fig. 2) .
All procedures were carried out with the same operator from Experiment 1, so that the effects of easy and difficult AI on IUP changes would be independent of the operator. For quantitative analysis, uterine activity was rated by calculating the integral of the curve (AUC ± SEM) using BioBench software over a 2 min period immediately before AI (control period), and every 2 min after withdrawal of the speculum for 1 h. The results were expressed as the percentage of control uterine activity. In order to test the reactivity to OT (Syntocinon, Sandoz), 3 ewes were treated with OT (100 mIU, i.v.) at the end of the experimental period, and uterine activity was recorded for 1 h.
Statistics
All statistical analyses were performed using SigmaStat 2.0 software. The main effects of two variables (AI procedure and time after AI) and their interaction were estimated on plasma OT and CORT levels (Experiment 1), and on IUP changes (Experiment 2), by two-way ANOVA. When significant effects were found (p < 0.05), the Bonferroni test was used for comparisons with control values, and to check the difference between the means of plasma concentrations and the means of AUC values after AI. In Experiment 1, the difference in total duration of the AI treatment between "easy" and "difficult" procedures was compared using an unpaired t-test, and a p < 0.05 was considered as significant.
RESULTS
Experiment 1
Among the 40 ewes used in this study, 17 animals were scored as undergoing an "easy AI" and 18 a "difficult AI", respectively. Five ewes had to be eliminated from the experiment because they displayed abundant secretions and required vaginal clean- 
Experiment 2
Uterine activity after simulation of AI and the effect of OT administration
A representative control recording of IUP changes before AI is shown in Figure 3a . In all the ewes studied, the uterus displayed rhythmic contractile activity (1 to 3 contractions per min), with each contraction lasting 7-20 s. The mean amplitude of uterine contractions varied between ewes (range: 15-35 cm H 2 O) and within the same animal, during successive estrus cycles (data not shown). Movements of operators in and out of the recording room did not affect this pattern of uterine activity.
At the time of simulated AI, an increase in uterine motor activity was observed in all animals (easy and difficult AI) (Figs. 3b  and 3c) . A uterine contraction occurred at each successive step during insemination, i.e. handling for the restraint of ewes before AI, introduction and opening of the speculum into the vagina, and finally insertion of the catheter on contact with the cervical entrance. At the end of AI, two patterns of motor activity occurred, depending on the insemination procedure. The comparison of (Fig. 3b) . Following the integration of IUP records, a significant effect of the AI procedure and time after AI was found on uterine activity (p < 0.001), as well as a significant interaction between the two factors (p < 0.001). In the "easy" group of ewes, the uterine activity was significantly greater during the easy and difficult AI procedures in a same ewe revealed that the difference in evoked uterine activity resulted from a difference in stimulation treatment only (not shown). When easy AI was performed (n = 5) (Fig. 3b) , the frequency of uterine contractions increased for 2 ± 1 min, and reached its maximum within the first minute after withdrawal of the speculum (3.4 ± 2. 2 min period immediately following AI, when compared with the control period (p < 0.05) (Fig. 4) . By contrast, when a difficult AI was carried out (n = 7), the increase in uterine activity lasted far after the end of stimulation, i.e. 15 ± 4 min after withdrawal of the speculum (Fig. 3c) . The integration of IUP records showed that a significant increase in uterine activity was maintained for 10 min after the end of stimulation, when compared with the control period (p < 0.001) (Fig. 4) . In 5 of 7 experiments, IUP did not return to the baseline between uterine contractions during the maximum phase of uterine activity (Fig. 3c) . Similar patterns of IUP changes were observed following the intravenous injection of OT (100 mIU), resulting in a sharp increase in uterine activity that lasted for 10 ± 3 min (n = 3) (Fig. 3d) .
DISCUSSION
The present study provides evidence that a rise in plasma levels of CORT and OT occurs after routine procedures for cervical AI in the ewe. Because AI was performed using a catheter empty of semen, it is concluded that these endocrine responses were due to environmental and genital stimuli associated with the handling of animals and the AI procedure only. By comparison, earlier studies in the same species had reported that stimuli associated with mating, such as olfactory, visual and tactile signals, and then coitus did not modify plasma levels of CORT and OT [12, 26] .
In the ewe, adverse environmental stimuli increase uterine activity [3, 49] , and this 'stress' effect may affect fertility [17, 31, 46] . In experiment 1, plasma CORT was measured, since it is accepted that changes in circulating CORT concentrations constitute a sensitive index of the response to environmental stimuli [7] . For operators following standard breeding procedures, the accessibility of the site of semen deposition is a limiting factor to the rapid achievement of AI. It is therefore suggested that 388 Figure 4 . Integrated intrauterine pressure changes during successive 2 min periods following simulation of easy or difficult AI procedures. The values are expressed as a percentage of control activity (mean ± SEM) calculated for the 2 min period just before the experiment (-2). An easy AI resulted in a transient increase in uterine activity, whereas the rise in activity was significant for 10 min when a difficult AI was carried out. n: number of experiments. * p < 0.05, *** p < 0.001 compared with the control period, and a,b,c,d,e p < 0.001 difference between easy and difficult AI procedures for each level of time.
that AI did not induce an OT response in adults, whereas a rise in OT levels was commonly observed in nulliparous animals.
Experiment 2 aimed to investigate whether the intensity of genital stimulation during an AI procedure can stimulate uterine activity. In our study, the telemetric monitoring of IUP changes provided an accurate and reliable tool enabling direct records of motor activity of the uterus in conscious animals. During estrus, uterine activity consisted of regular contractions of high amplitude, a motor pattern fully consistent with the observations of Lehrer et al. [23, 24] using the same technique. In our experiments, the fact that genital stimulation throughout the AI procedure always elicited an increase in uterine activity was consistent with previous studies conducted in the same species [24] , as in mares [48] and in women [39] . In addition, we showed that the uterine activity did not return to the baseline when AI was accomplished, and that the uterus remained stimulated up to 20 min following a difficult AI. According to Prud'homme and Rousseau [34] , the activation of genital tract motility during AI is due to a spinal reflex involving the sympathetic nervous system and noradrenaline release from the uterine nerve terminals. However, a uterine response of long duration after a difficult AI cannot be explained in terms of noradrenaline release, since the reflex activation of the sympathetic nerve fibers stopped after withdrawal of the speculum [34] . On the contrary, the uterus displays high responsiveness to OT during estrus [2, 13, 26] . As demonstrated in the present study, the intravenous injection of OT increased uterine activity in a pattern similar to that described in response to the genital stimulation of difficult AI. It therefore appears that the increase in uterine motility after a difficult AI followed an elevation in circulating OT levels as measured in experiment 1, indicating a temporal relationship between the reflex release of OT and the period of increased uterine motility. The same correlation has been reported difficulties in localizing the cervical entrance increase the amount of stimuli during AI. An easy cervical AI procedure is commonly observed in multiparous ewes because the high degree of distensibility of the vaginal canal after multiple births often permits rapid localization of the cervix without further stimulation. By contrast, a difficult AI procedure is often encountered in primiparous ewes, and is commonly observed in nulliparous ewes. Our study reveals that CORT levels were significantly raised following both easy and difficult AI. However, since the AI procedure was carried out in all animals, it cannot be ruled out that increases in CORT concentrations were due to handling the ewes only, and were thus unrelated to AI stimulation itself. The important point is that no significant difference in CORT concentrations was noted between the two groups of animals. This indicates that conditions of discomfort for ewes during a difficult AI procedure did not result in more stressful conditions when compared with an easy AI.
Plasma levels of OT prior to AI were low in both groups of animals, and were within the same range as those reported in the same species during the periovulatory period [43, 50] . An increase in circulating OT was observed after difficult AI, while no change to OT concentrations occurred following easy insemination. It is well established that mechanical stimulation of the vagina (e.g. vaginal distension) evokes a reflex release of OT, the so-called "Ferguson" reflex [9] , in ewes as in other species [1, 9, 20, 35, 38] . During difficult AI, the fact that more vaginal stimulation occurred with the speculum, and that the duration of the insemination procedure was significantly longer than with easy AI (´2, this study) probably accounted for the rise in circulating OT. Therefore, our findings support the idea that the degree of the vaginal canal distensibility is a limiting factor in evoking a reflex release of OT during routine zootechnical AI procedures. This is consistent with the observations made by Schams et al. [42] in cows, who reported 389 in mares by Madill et al. [29] , who demonstrated that AI elicited an OT secretion, resulting in an immediate increase of uterine contractions that lasted up to 30 min after insemination [48] .
The literature investigating the dynamic transport of spermatozoa into the female genital tract clearly shows that uterine contractions play an important role in this process [8, 18, 28, 32] . However, it is also well established that strong peristalsis does not facilitate sperm transport, but often reduces fertility [22, 25] . Indeed, the uterus responds to mating by increasing its contractile rate, but only transiently, for less than 1 min in the ewe [12, 42] and macaque [14, 44] , or for no longer than 2 min in the rabbit [11] and woman [10] . Therefore, it is tempting to speculate that a secretion of OT altering the contractile rate of the uterus for a long period is detrimental to fertility in a number of species, including the ewe. For example, it has recently been shown that the administration of OT at the time of AI does not improve pregnancy rates, and tends to reduce fertility [36, 40, 45] . Furthermore, there is evidence that in an attempt to enhance sperm transport, such an OT treatment in the ewe considerably diminishes the number of spermatozoa recovered in the fallopian tubes after insemination [27] . On the contrary, since a reflex release of OT does not occur at mating in the ewe [12, 26] , as in the cow [42] , it is assumed that OT does not play a significant role in sperm transport in these species. These observations account for interspecies differences, since an OT release in response to mating has been demonstrated in sows [5] , and results from a higher stimulation of the genital tract when intra-uterine deposition of semen occurs. Thus, in contrast with ewes, a physiological role for OT in sperm transport may be suggested in sows, because OT administration at the time of AI improved fertility in this species [33] .
In conclusion, the present study indicates that a reflex release of OT can be elicited during routine procedures for cervical AI in the ewe. This secretion occurs in response to vaginal stimulation with the speculum, when it is difficult to observe the cervical entrance before introducing the AI catheter. Further studies are needed to determine whether this release of OT is responsible in part for the low rates of fertility attained in this species when a cervical procedure is employed for insemination.
